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論 文 目 次 
In this thesis, we studied the spontaneous lattice relaxation in misaligned multilayer graphenes and its effect on 
the electronic properties. The main content of this thesis can be divided into two topics.  
In the first topic, we have developed the effective theory to calculate the spontaneous relaxation in twisted 
bilayer grapheme (TBG), and studied the atomic and electronic structures. In rotation angle larger than 2◦, the 
lattice is hardly deformed and so the effect on the electronic structure is minimal, while in smaller rotation angle 
below 2◦, the lattice is significantly modified to form AB/BA triangular domain structure. The electronic band 
structure is then strongly modified where a band gap up to 20 meV opens above and below the lowest band. The 
lattice deformation also significantly relaxes the band flattening observed in non-relaxed case, and it lowers the 
critical angle at which the Fermi velocity vanishes. To sum up, our study provides a simple understanding of 
mechanism behinds the domain formation in TBG. In our model, the relaxation is governed by three physical 
quantities: the rotation angle, the elastics constants of graphene, and the binding energy between graphene’s 
layers. The latter two can be fused into a single dimensionless parameter η that can express the ”stiffness” of the 
lattice. The simpleness of the model allows it to be easily tested or re- produced, and by changing those key 
parameters, we can adopt the model to fit the values observed in experiments. So far, our result has 
quantitatively and qualitatively captured the experimental observations, thereby, has contributed to the further 
understanding of characteristics of twisted bilayer graphene systems, which has been in an unclear regime.  
In the second topic, we studied the electron transmission properties in stacking domain boundary in multilayer 
graphenes from bilayer to five-layer. We find the boundary significantly reduces the electron transmission at low 
Fermi energies, while the reduction becomes gradually weaker as increasing the number of layers. We also find 
an odd-even effect at high electron density, where the even-layer boundaries have better electron transmission 
than odd-layer boundaries. For bilayer, we also demonstrated the conductance suppression at low energies is 
significantly relaxed by applying a perpendicular external electric field. We found that the transmission 
characteristics are closely related the local electronic structure inside the boundary region. The study of the 
electron transmission through a single domain boundary provides an understanding of transmission properties of 
macroscopic multilayer graphenes and bulk graphite, which are expected to have a number stacking faults and 
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domains. Our result indicates the electron transmission in a general graphitic system is significantly suppressed 
in presence of domain boundaries. The present result also suggests that a boundary between two different 
stacking structures may provide a mechanism to control the electron current on multilayer graphene. In 
particular, the fact that the system being almost insulator near bottom of conduction band and quickly becoming 
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めた。結果、回転２層グラフェンの最安定構造は、局所的な AB 積層と BA 積層が交互に現れるド
メイン構造を取ることが示され、また積層角度が小さいほどドメインが明瞭に現れることが明ら
かになった。また電子構造では、歪みの影響により最低エネルギーバンドと第一励起バンドの間
に数十 meV のエネルギーギャップが開くことが示された。このエネルギーギャップは近年の実験
においても確認されており、この理論はその機構を説明する現時点で唯一の理論である。さらに、
ドメイン壁が輸送現象にもたらす効果を調べるため、単一の AB-BA 積層ドメイン構造における電
子の透過確率が計算された。特に２層グラフェンではディラック点付近のフェルミエネルギーに
おいて電子の透過が著しく抑制される一方、フェルミエネルギーをずらすと透過が増大すること
が示された。 
この研究で得られた理論の枠組みは、グラフェン系にとどまらず、他の様々な２次元物質の非整
合界面に拡張することできるものであり、汎用性が高く学術的にも価値の高い研究である。以上
のことより、本研究は固体電子の物性に対して新しい知見をもたらし，申請者の自立した研究活
動を行うに足る高度の研究能力と学識を有することを示した。よってこの論文は博士（理学）の
学位論文として合格と認める。 
